Introduction
Global wood pellet production was approximately 12 million metric tons in 2009, and is predicted to increase to 100 million metric tons by 2020 (Bloomberg 2010a) . The primary drivers for increasing global demand for wood pellets are government policies and global agreements in support of renewable sources of energy. The first major climate-change agreement to reduce greenhouse gas (GHG) emissions was the Kyoto Protocol, developed under the United Nations Framework Convention on Climate Change (UNFCCC). The Kyoto Protocol went into effect in February 2005 and set a target for reducing GHG emissions by signatory countries to an average of 5 percent below 1990 levels between 2008 and 2012. The UNFCCC is now planning for a new climate-change agreement to follow the Kyoto Protocol. Representatives from various countries met in Copenhagen in December 2009 to discuss a post-Kyoto Protocol climate-change agreement. Although no concrete agreement emerged, the meeting produced a draft that stipulates that global emissions be reduced "to hold the increase in global temperature below 2 degrees Celsius, and take action to meet this objective consistent with science and on the basis of equity" (UNFCCC 2010).
Although the United States did not participate in the Kyoto Protocol, there is movement in the United States to reduce GHG emissions. On April 17, 2009, the U.S. Environmental Protection Agency (EPA) formally announced its determination that GHGs pose a threat to public health and the environment (EPA 2009 ). This announcement was significant because it gives the executive branch the authority to impose carbon regulations on carbon-emitting entities. There are also two major climate change bills that have been introduced by the legislative branch. The first is The American Clean Energy and Security Act, also known as the WaxmanMarkey Bill, in the House. The second is the American Power Act, also known as the Kerry-Lieberman Bill, in the Senate. The Waxman-Markey bill calls for a 20-percent reduction of greenhouse gas emissions from 2005 levels by 2020, and the Kerry-Lieberman bill calls for a 17-percent reduction over the same period.
The Waxman-Markey bill also sets a mandate for renewable energy, requiring 25 percent of all energy sold to be sourced from renewable energy by 2025. However, as of this writing (August 2010), both of these bills appear to be temporarily shelved in favor of an energy bill proposed in 2010 by Senate Majority Leader Harry Reid.
While the energy policy in the United States remains unclear, Japan and South
Korea have established renewable energy policies that are increasing demand for wood pellets. The purpose of this paper is to examine the Asian wood pellet market and the potential for U.S. wood pellet exports.
The Global Energy Portfolio
By 2035, global energy consumption is projected to increase approximately 50 percent from current levels (EIA 2010). The top three global energy sources are oil, coal, and natural gas; and these three sources supply approximately 86 percent of the world's energy, requirements ( fig. 1 ). There are many types of renewable energy including hydroelectric, geothermal, wind, solar, tidal and wave, and biomass energy. Although oil, coal, and natural gas are expected to remain the world's primary sources of energy, renewable energy, including hydroelectric power, is projected to increase to 100 quadrillion British Thermal Units (BTU), or 14 percent of global energy consumption, by 2035 ( fig. 2 ). 
Biomass Energy
Biomass energy refers to energy stored in organic material such as forest and agricultural products. Biomass is a key energy source in the developing world in the form of firewood used for heating and cooking. In the developed world, biomass energy is gaining popularity as a fuel source for electricity generation. One advantage that biomass has over wind and solar power is that it can generate electricity continuously or on a schedule, rather than relying on conditions of the wind or sun. The primary feedstock of biomass for heat and electricity generation is woody biomass. Other sources include corn, soy, crop residues, and grasses. Global production of biomass, waste, and ocean-based sources of energy is predicted to increase more than three times the 2007 level by 2035 ( fig. 3 ). There are various methods to generate heat and electricity using biomass feedstocks (Pew Center for Global Climate Change 2009):
• Direct firing-Biomass is the only fuel used at a given power plant. The feedstock is fed into a boiler, which in turn powers a steam turbine to generate electricity. The direct firing method attains efficiencies of up to 40 percent.
• Co-firing-Biomass is substituted for a portion of the coal burned in a coal-fired power plant. A coal-fired power plant can be modified to accommodate biomass and use it to supply up to 20 percent of its fuel requirements. This method reaches efficiencies between 33 and 37 percent.
• Cogeneration-Fuel is burned to produce both electricity and heat. As with direct firing, the biomass fuel powers a steam turbine generator.
However, unlike direct firing, cogeneration uses the resulting exhaust flow for further electricity generation or heat generation. The advantage of cogeneration is improved efficiencies between 75 and 90 percent.
• Gasification-Feedstock is processed in a hot oxygen-starved area to produce a gas, composed mostly of carbon monoxide and hydrogen. This gas fuels a turbine to produce electricity. This method reaches efficiencies of up to 60 percent. 
Wood Pellets
Wood pellets are one type of biomass energy. Pellets are primarily manufactured from wood waste, including sawdust, shavings, and wood chips, which are byproducts of the manufacture of lumber, furniture, and other forest products. The pellet manufacturing process consists of the following steps: receipt of raw materials, screening, grinding, drying, pelletizing, cooling, screening, and packaging. The raw materials should be dried to the desired moisture content (Brackley and Parrent 2011, Hansen et al. 2009 ). Once the material is dried, it is ground so that each piece has a diameter that meets proper specifications. In some cases, the raw material is then conditioned in a steam conditioner to soften the wood before it is compacted. This makes the raw material less abrasive to the equipment. The next step is the pelletizing itself. Pellet machines apply pressure to force the raw materials through holes that shape the pellets. Pressure and friction are used to increase the temperature of the wood, which in turn allows the lignum to soften and the wood fibers to be reshaped into pellets. After the pellets leave the extruder, they are air-cooled, the lignums solidify, and the pellet is formed. The dimensions, density, and other factors are specified by standards designed by industry groups. In the United States, the Pellet Fuel Institute has designed a set of standards for wood pellet fuel grading (table 1) . 
Global Wood Pellet Market Overview
The global economy is gradually recovering from the worst economic downturn since the Great Depression. The World Bank predicted that global gross domestic product (GDP) growth for 2010 would be 3.3 percent, which is double the 2008 level (World Bank 2010) . This new phase of global expansion will stimulate demand for more energy, including wood pellets.
The major wood pellet-producing countries in North America and Europe are Canada, Germany, Sweden, and the United States. The major consumer countries for wood pellets are Belgium, Denmark, the Netherlands, Sweden, and the United States ( fig. 4 ). The major wood pellet importing countries are Belgium, Denmark, the Netherlands, and Sweden. As figure 4 shows, the United States produces a large quantity of wood pellets but also consumes a large quantity. In contrast, Canada produces a large quantity of wood pellets but exports approximately 80 percent of its production.
The European wood pellet market can be divided into two segments: electric power generation and heating. Denmark, Finland, and Sweden use wood pellets for both heating and electricity generation. In contrast, Austria, France, Germany, and
Italy use pellets mostly for heating (Peksa-Blanchar et al. 2007 ).
The European wood pellet industry can be traced back to Sweden in the late 1970s, when equipment was developed for converting oil boilers to pellet fuel use.
Stimulation of a viable wood-pellet industry increased in the 1990s, starting in 1991 when the Swedish government implemented a tax on fossil fuels. As Belgium, Denmark, Germany and the Netherlands adopted similar policies, the European wood pellet market began to expand rapidly.
A large part of European wood pellet demand can be attributed to the Kyoto Protocol requirement to reduce GHG emissions 5 percent below 1990 levels. Many
European coal-fired power plants have found that co-firing with biomass energy is a cost-effective way to reduce GHG emissions. Another key policy that increased This plan also set a target of increasing biomass energy to 8 percent of total energy production by 2010, a goal that has increased demand for wood pellets.
The North American market for wood pellets began to gain traction in the late 1970s. Initially, wood pellets were used mainly by industrial, commercial, and institutional sectors for heating. Then pellets began to enter the residential heating market as pellet-fueled heating stoves gained popularity. Currently, the United
States provides a federal tax credit for renewable energy generation, the Renewable Energy Production Tax Credit, which provides a 2.2 cent-per-kilowatt-hour (kWh) tax credit for wind, geothermal, and closed-loop biomass energy production (DSIRE 2010) . There are also various incentives in support of renewable energy at the state, county, and local government levels.
Wood pellet production in 2010 was estimated to be 1.8 million metric tons in the United States and 1.2 million metric tons in Canada (Murray 2010). Most of the U.S. pellet production was consumed domestically, with only 20 percent 2,500 2,000 1,500
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Asian Wood Pellet Markets
The Asian wood pellet market is expanding at a steady pace. This can be seen in the quantity of wood pellet exports from the Port of Prince Rupert, British Columbia, to Asia, which increased 33 percent in the first half of 2010 over the same period in the previous year (Prince Rupert Port Authority 2010). The west coast is in a strong position to supply Asia with wood pellets, drawing on both timber supply and proximity to Asian markets.
Most of the wood pellets shipped to Asia are directed to two markets. The first is the industrial energy sector, where pellets are used for co-firing with coal at power plants and in large boilers. The second is the home heating market, where pellets are used in pellet stoves. Generally, wood pellets shipped to the industrial energy markets in Asia are shipped via bulk carrier rather than by container ships.
The three largest consumers of wood pellets in Asia are China, South Korea, and Japan; the following sections provide an overview of their general economies, energy needs, and wood pellet markets.
China's Wood Pellet Market
China's 2008 GDP was US$4.3 trillion. Although the world's GDP growth contracted 2 percent in 2009, China's GDP growth surged at 8.7 percent ( fig. 5 ). Much of this growth was fueled by infrastructure projects funded by government stimulus funds. China's GDP growth was projected to be between 9 percent and 10 percent in 2010, then to slow to 8.3 percent in 2011 (EIU 2010).
One area of contention between China and its trading partners has been the manipulation of the Chinese currency to keep it at artificially undervalued levels.
This practice has kept the price of goods exported from China low, while keeping the price of goods imported into China high. However, on June 19, 2010, the Chinese government announced it would be more flexible in managing its currency.
As a result, the Chinese yuan appreciated against the U.S. dollar for the first time 
Gross domestic product (billion yuan)
Percentage of change 1 9 9 0 1 9 9 2 1 9 9 4 1 9 9 6 1 9 9 8 2 0 0 0 Although China has avoided committing to mandatory emission reductions, it is investing heavily in renewable energy. The basis for China's renewable energy policy is its Renewable Energy Law, which was enacted January 1, 2006. This law mandates that power grid companies purchase all the renewable energy that can be supplied to their grids. An amendment to this law was enacted on April 1, 2010, that increases the enforcement of the mandatory purchase clause and increases support for the purchase of renewable energy (Schaub 2010) . China also has mandated that at least 15 percent of their its capacity be generated from renewable energy sources Chinese currency has appreciated against the U.S. dollar, which may make U.S.
wood pellets more cost-competitive in the Chinese market. As in Japan, the major market for wood pellets in China is for co-firing at coal power plants. In summary,
China has the second largest energy market in the world and is searching for ways to increase its percentage of renewable energy. However, China's wood pellet import volume is still relatively small, thus strong efforts would need to be made in market development. 
South Korea's Wood Pellet Market

Gross domestic product (trillion won)
Percentage of change 1 9 9 0 1 9 9 2 1 9 9 4 1 9 9 6 1 9 9 8 2 0 0 0 2 0 0 2 2 0 0 4 2 0 0 6 2 0 0 8 2 0 1 0 e 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 These projections are based on South Korea increasing its portion of renewable energy in order to meet the 11 percent renewable energy requirement by 2020. This 2020 requirement, combined with firm economic growth, makes South Korea a strong wood pellet market. However, currently its import quantity is fairly low, so U.S. exporters would need to establish relationships and invest in business development.
Japan's Wood Pellet Market
Japan's 2009 GDP was approximately US$4.14 trillion. After the collapse of the nation's real estate bubble in 1990, the Japanese economy entered what is known as the "lost decade," which describes Japan's stagnant economy between 1991 and 2001, when GDP growth rates averaged 1.2 percent annually and the government struggled to stimulate the economy ( fig. 10) . The global economic recession of 2008 hit Japan harder than China and South Korea. In 2009, Japan's economy contracted by 5.2 percent from the previous year. In contrast, the South Korean economy held its ground and China grew by 8.7 percent. One problem that continues to plague Japan is its government debt. Japan's efforts to stimulate its economy through infrastructure projects during the last 20 years has left the government saddled with a debt load that is almost twice the country's GDP (Bloomberg 2010d) . In June 2010, Japan's parliament installed a new prime minister, Naoto Kan, who said he would make reducing the debt a top priority and that he may raise the national sales Gross domestic product (trillion yen) Percentage of change 1 9 9 0 1 9 9 2 1 9 9 4 1 9 9 6 1 9 9 8 2 0 0 0 2 0 0 2 2 0 0 4 2 0 0 6 2 0 0 8 2 0 1 0 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 tax. However, if the new administration increases the national sales tax, this could further hinder Japan's economic recovery.
Japan has almost no natural resources, so it imports almost all of its coal, oil, and natural gas supplies. Japan is the world's largest importer of natural gas and second largest importer of oil. The top three sources of Japan's energy consumption are oil at 49 percent, coal at 20 percent, and natural gas at 14 percent ( fig. 11 ). The remaining energy consumption is made up of hydroelectric, nuclear, and non-hydro renewable sources. Japan is a signatory member of the Kyoto Protocol agreement and is required to reduce emissions by 6 percent below 1990 levels by 2012. To meet these targets, Japan was striving to increase its supply of nuclear and renew- In spite of the current economic downturn, Japan still has one of the strongest economies in the world and as a signatory member of the Kyoto Protocol is committed to reducing GHG emissions. This commitment will continue to fuel demand for renewable energy. Although the wood pellet market is still in its infancy, it is growing, making this is a good time for North American exporters to explore the market and begin establishing relationships. The center of this plan is to create a trade cabinet post that is focused on finding global markets for U.S. exports. Wood pellets fit in well with this strategy, because all three Asian nations discussed in this report have government policies that are encouraging power utilities to increase their use of renewable energy. Using wood pellets is advantageous to using other renewable energy sources such as wind, solar, and geothermal energy because it can be used with existing infrastructure for co-firing at coal-fired power plants.
Of the three markets, China has the potential to become the largest wood pellet market in Asia. Its economy is strong, energy demand is growing, and the Chinese government is looking for solutions to substitute renewable energy for coal. Additionally, the Chinese currency has appreciated against the U.S. dollar, making U.S.
wood pellets easier to sell in the Chinese market. However, China imports only a very small quantity of wood pellets from North America, so this market would require substantial market development. A majority of China's wood pellet demand comes from the industrial energy market, thus market development efforts should be targeted toward government energy officials and coal-fired power plants.
The South Korean economy has weathered the global economic crisis and is now on a path to economic growth. This growth should fuel demand for wood pellets as South Korea strives to meet its goal of increasing its percentage of renewable energy to 11 percent by 2020. However, the quantity of wood pellet imports is still fairly small. Furthermore, South Korea appears to be pursuing a wood pellet strategy of joint development with other Asian countries. Overall, wood pellet demand will increase in South Korea, but it is difficult to predict what portion will be imported from North America.
As in China, a majority of Japan's wood pellet demand comes from the industrial energy sector. The leader in Japan for using wood pellets for co-firing is Kansai Electric Power Corporation. Because Japanese power utilities are held to Kyoto Protocol emission-reduction standards, there is a strong possibility that other electric utilities will follow Kansai Electric's lead and use more wood pellets as a substitute for coal.
The wood pellets markets in all three Asian countries examined are in their early stages but are growing. The primary use for wood pellets in Asia is for co-firing at coal power plants. Therefore, business development strategies should include developing relationships with coal power plants that have an interest in increasing their renewable energy output. This could be done in cooperation with the U.S. Commercial Service (app.), which assists U.S. exporters with finding customers in foreign countries and has offices in China, Japan, and South Korea. In summary, Asian government policies requiring increased use of renewable energy should stimulate demand for wood pellets, offering an opportunity for U.S. wood pellet manufacturers.
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